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You will find attached our report on Upland Rice which we submit 
to you. In so doing we wish to thank thos e who have helped us in this 
task. More particularly we are grateful. to the consultants group headed 
by Dr. H. Ruthenberg, the Directors General of IkRI, CIAT and IITA, the 
Executive Secretary of WARDA and the management of TRAT for iheir assistance 
and cooperation. While we were net entirely in agreement with the 
consultants' report, it5 excellent quality was of great service to us. 
We believe that we are recommending action that will improve the 
effectiveness of pluvial rice research supported by international institutions. 
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Sincerely, 
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H. Hshikura 
J 
S. Sadikin 
. 
- 
- 
SUMMARY OF OBSERVATIONS OF 
THE TAC SUBCOMMITTEE ON UPLAND RICE 
- G.1, Trant (Chairman), H. Ishikura and S. Sadikin 
1, Relevance 
1.1 Demand 
The social importance of rice is obvious. In tropical Africa there 
is the need for increased internal production to substitute for imports of 
rice and wheat. 
1.2 Area 
Pluvial rice is upland rice, not flooded and with no access to 
subterranean water. The pluvial rice area comprises about 10 mio ha in 
Asia, 1.5 mio ha in Africa and 5 mio ha in Latin America. An improved 
technology is unlikely to increase hectarage in Asia while it may more 
than double or triple hectarage in Latin America and Africa on land with 
very low opportunity costs. 
1.3 Ecology 
A somewhat improved pluvial rice may induce large-scale additional 
forest destruction, massive erosion and lasting damage to fragile soils in 
soil-mining types of land use. A greatly improved pluvial rice technology 
could make it profitable for farmers to change from shifting to permanent 
farming and related ecological benefits may result. 
1.4 Energy 
Stable forms of pluvial rice production depend on substantial chemical 
inputs. In Latin America modern pluvial rice production will primarily 
occur in mechanized farms, but less so in Africa. 
1.5 The major constraints to higher yields l'n pluvial rice 
production are high degree of drought sensitivity and blast disease. There 
is reason to assume that a drought-tolerant rice can be developed. Long- 
term stable resistance to blast appears more difficult to attain. 
1.6 Distribution of benefits 
In Asia most of the benefits of an improved pluvial rice technology 
would go primarily to smallholders. In Latin America benefits are expected 
to be more widely distributed, This also appears to be the case in Africa. 
. 
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. -2- 
2. The Research Tasks 
Two rather distinct research tasks are identified: (2.1) a 
concentrated effort to develop an appropriate pluvial rice plant, and 
(2.2) zonal-specific pluvial rice production research. 
- 
2.1 A concentrated effort needs to be made to incorporate 
greater drought tolerance, and blast resistance and more early vigour in 
plant development into pluvial rice varieties with high yield. 
2.2 Zonal specific research should not wait for the development 
of the new pluvial rice proposed above. The following location-specific 
research programmes should be pursued. (i) Varieties for tolerance to 
adverse soils, (ii) varieties with tolerance/resistance to location specific 
insects and diseases, (iii) water-, soil- and energy-conserving cultivation 
methods, (iv) cropping systems with pluvial rice. 
In order to proceed efficiently with the above lines of research 
it would be helpful to have better information on the soil and climatic 
conditions of the pluvial rice growing areas. 
2.3 In Africa there is a specific need for research to facilitate 
the change from shifting to permanent or ley farming systems. 
Research on valley bottom development and related phreatic rice is 
- ,also of particular importance for Africa. 
- 
3. Allocation of Research Responsibilities and 
Coordination among Institutions 
There are five major international institutions working on rice: 
IRRI, CIAT, IITA, IRAT and WARDA. 
3.1.1 IRRI with its strong breeding capability and germplasm resources 
is ideally suited to take the lead role in the development of the improved 
pluvial rice plant. This would require the identification of a Scientist to 
take the leadership within IRRI for the development o$ the improved pluvial 
rice plant. 
3.1.2 CIAT cooperated effectively with IRRI and other institutions 
in the development of successful irrigated rice varieties for parts of Latin 
America. CIAT should be given the same responsibilities for upland rice. At 
present CIAT does not have the resources to take on this additional 
responsibility. 
- 
- 
3.1.3 IITA should be particularly suited for doing rice research in 
relation to farming systems. It is appropriate for IITA to take responsibility 
for agronomic research for valley bottom and pluvial rice in West Africa. 
. 
4. ’ . - 3 - 
- 
3.1.4 IRAT has been successful in breeding improved pluvial rice 
varieties which are widely used in West Africa and are being tested in other 
rice growing areas of the world. IRAT should be encouraged to maintain its 
present level of activities in pluvial rice breeding. 
- 3.1.5 WARDA has made a significant contribution to the training of 
national staff of its member countries; it has bettered the access of 
national programmes to improved germplasm as well as increasing their 
ability to test such materials, WARDA should be encouraged in its efforts 
to improve national research programmes in rice production and to promote 
the testing and exchange of promising rice varieties. 
3.2.1 Coordination 
Since IRRI has the leadership role in rice research, it follows that 
- 
it has a primary responsibility for coordinating its efforts with those of 
other institutions. The IRRI liaison scientistsat CIAT and IITA contribute 
to this coordination. There is however a need for increased coordination 
between IRRI and the other institutions in the area of pluvial rice research. 
Closer linkages, including exchange of scientists between IRRI and IRAT 
would be most desirable. As CIAT's pluvial rice programme develops, it will 
be vital for it to improve its links with Brazilian institutions and to co- 
ordinate its efforts more closely with the West African institutions. The 
existing arrangements amongst the three institutions in West Africa (XITA, 
WARDA and IRAT) have the potential to generate effective'coordination among 
them. 
- 3.2.2 Improved Use of Existing Resources 
In aggregate,the financial and other resources devoted to pluvial 
rice research are substantial and appear to be adequate. However, the 
Committee has reservations about the efficiency and effectiveness with which 
resources are currently being allocated and used. While it is to be expected 
that improved coordination will result in improved efficiency in resource use, 
there remains an imbalance in resource allocation among regions. Specifically 
there appears to be an imbalance of resources between West Africa and Latin 
America. w 
If this imbalance is to be remedied rapidly,CIAT should be allotted 
some additional resources for pluvial rice research. Over the longer term 
a reallocation of resources ip rice research from IITA to CIAT should be 
considered. 
. 
- 
- 
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NOTES ON PLUVIAL RICE RESEARCH 
(with supplements on phreatic rice) 
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1, Definitions 
- 
- 
- 
- 
TAC defined upland rice production situations as follows: 
i) No control or addition of water beyond rainfall or 
changes in water table; 
ii) soiI water level not normally above soil surface, 
except during occasional flopding; 
iii) topography flat or undulating where bunding may or 
may not be present. 
Upland rice, as defined above, includes a great number of different 
conditions, including situations with occasional flooding or seasonally 
impeded drainage and situations with fully aerobic conditions throughout 
I) the vegetation period. In Africa and Latin America,the latter situations 
prevail. During the meeting with the TAC Group it was agreed that the 
definitions submitted in Table 1 should be used. The terminology >of the 
Consultants' report was consequently changed. 
Table 1. 
Sources of natural direct water supply in rice lands 
Categories of rice land 
Source of water Pluvial Phreatic Fluxial 
Rain 
Subterranean 
Surface 
Always 
Not 
Not 
Partial* Partial* 
Always Partial* 
Not Always 
* Except in the most arid, desert climates where rainwater 
or more seldom, no subterranean water, is received by 
rice fields. 
Source: F.R. Moormann and W.J. Veldkamp 
The term 'upland' used by WARDA (1975) and mosE authors 
would include both 'pluvial' and 'phreatic'. 'Fluxial' 
rice land would include 'swamp', 'deep water', and most 
of the 'mangrove'. At IITA the terms 'dryland' and 
'hydromorphic' have been introduced and are equivalent 
for pluvial and phreatic, respectively. 
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2. Relevancy of Pluvial Rice Research 
2.1 Demand 
- 
The need for more rice is obvious. Demand is rising rapidly. In 
a number of countries growing imports are pf serious concern. Rice is 
increasingly consumed by lower income classes. It is a product of high 
nutritional value. Major logistic difficulties in transport, trade and 
processing are rare. There is no doubt as to the relevancy of rice- 
oriented research in all three continents. In tropical Africa there is 
the need for internal production as a substitute for imports of rice and 
wheat. 
Work on pluvial rice is relevant because the development of 
irrigated rice and modernized forms of phreatic rice will require high 
investments and much time. Pluvial rice offers the chance for a 
relatively rapid and substantial response in supply provided a significantly 
improved technology becomes available. 
2.2 Potential impact of pluvial rice research 
2.2.1 Land resources for pluvial rice 
- 
- 
In Asia the pluvial rice hectarage is minor in relation to the total 
rice hectarage. Major improvements in pluvial rice technology are 
relatively unlikely to induce significant changes in hectarage. The major 
impact would be increasing yield per hectare and-perhaps even more important- 
more intercropping and multiple cropping (in areas with extended 
hydrological growing seasons), Some additional land may be developed for 
large-scale operations with pluvial rice, in particular in Sumatra. 
In Latin America both (i) increases in yield per hectare and 
(ii) substantial extensions in hectarage at the expense of mainly grassland 
and some forest can be expectpd. The economic opportunity costs of land 
moving into rice are negligible. 
In Africa increases in yields per hectare also-imply the change from 
shifting and bush-fallow systems to permanent arable or ley systems. If 
this becomes economically feasible, then large hectarages may become 
available for pluvial rice cultivation. 
- 
- 
In this context it appears thatemost of IRRI's "upland" rice research 
concerns land with seasonally impeded drainage and/or flooding, either by 
water from rivers or by rainfall. There is very little unbunded rice in 
Asia except deep water. In Africa and Latin America the situation is 
entirely different. Extended areas with freely draining soils (in addition 
to extended areas with seasonal water logging) are actually cropped with 
pluvial rice and are potentially available for additional pluvial rice 
production. 
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2.2.2 Yield gap 
Pluvial rice is produced under less controlled conditions than wet 
rice. The yield variation over time and space is consequently relatively 
large. This also applies to the yield gap between yield on (i) farmers' 
fields, (ii) d emonstration plots and (iii) experimental plots. The aubsequent 
quantitative estimates have to be interpreted with caution. They are not 
based on precise definitions on the referepce base. 
In Asian pluvial rice the gap is substantial. Experiments in 
research stations,mostly average around 3 to 3.5 t/ha. Under good conditions 
in farmers' fields yields are around 2 t/ha. The average farm yield is 
mostly around 1 t/ha or less. Most of the yield gap is due to drought and 
weeds. 
. Table 2. 
Rice areas in major rice growing areas of the tropics: 
by type of production 
_ 
South and 
South-east Asia 
- 
Irrigated 
1000 ha percent 
25 882 34 
- 
Rainf ed (bunded) 38 823 51 
Swamp rice " n.a.- na . . 
Deep water rice 5 329 7 
Pluvial rice 6 090 4, 8 
(9 ooo>- 
West Africa Latin America 
1000 ha percent* 
115 5 
1 
E 74Bzf 33 
j 
1 437 62 
Total?' 76 124 100 2 300 100 
L/ Only minor areas in Asia are with swamp rice. * 
1000 ha percent 
2 055 28 
I 
n.a. n.a. 
5 284 72 
7 339 100 
2/ Substantial areas in East Africa are actually rainfed bunded rice, but 
only negligible areas in West Africa. Most of the deep water rice is 
in the Niger Fllod Plains, Mali. 
31 The hectarage with fluxial rice is included in the estimate for pluvial 
rice. The percentage of such land is small. 
Y Not including 13 mio. ha of 'phreatic upland', here included under 
'rainfed bunded' rice. The 6 mio. ha estimate is from Palacpac, The 
IRRI Base Paper on pluvial rice reports "9 m. has ..- is regularly 
planted to upland rice on the narrow definition, but an additional 
10 m. has must be added to the total if the broader definition is used." 
51 To this a substantial hectarage of irrigated, phreatic and fluxial in 
Madagascar have to be added., 
Sources: Asia: (IRRI) PALACPAC, p. 95, 
Africa: WARDA 
Latin America: CIAT (JOHNSON, p. 55) 
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In Africa the yield gap between average farmers' fields and 
experimental plots tends to vary according to the ecosystem. In the 
savanna mono-modal areas of adequate rainfall, the gap between traditional 
and experimental yield is mostly 1.0-4.0 t/ha. Corresponding figures for 
savanna bimodal and wet forest zone are 0.6-1.3 t/ha and 0.8-2.2 t/ha. 
The general average yield gap is 0.8-2.5 t/ha. 
Average farm yields of pluvial rice in Latin America vary from 
1.28 t/ha in Brazil and less elsewhere to around 2.5 tons in the more 
favoured areas of Central America. Drought, blast disease and soil toxicity 
comprise the principal constraints to rice yields. Under the more favourable 
rainfall and soil regimes, experimental yields are in the range of 4-5 t/ha; 
however these would decline rapidly once the breakdown of blast resistance 
occurs. There is substantial scope to reduce the yield gap. 
2.2.3 Ecological effects 
Research on pluvial rice could have far-reaching negative and positive 
ecological implications, in particular in Africa. There is the danger that 
a somewhat improved pluvial rice technology may induce large-scale 
additional deforestation, massive erosion and leaching and thus lasting 
damage to fragile soils in the more humid areas leading to derived savannas 
with Imperata. There is a chance that a greatly improved pluvial rice 
technology may make it economically rewarding to change from shifting - and 
bush fallow systems to permanent arable farming or ley farming. Also 
improved pluvial rice may allow intensified intercropping. 
2.2.4 Pluvial rice and energy prices 
Modernized forms of pluvial rice production rely on chemical inputs. 
Increased use of fertilizers, in particular of nitrogen, normally leads to 
higher yields but fertilizer efficiency is mostly relatively low in relation 
to lowland rice. Timing is crucial for success. Also there are interactions 
between weed growth, disease (especially blast) and fertilizer use. 
The full substitution of chemical by biological inputs (manures, 
green manures, etc.) is not a realistic proposition in pluvial rice 
production. Cost for chemical inputs for sustaining yields at or more than 
2 t/ha could rise to 100-200 $/ha. Rising energy prices may make it 
necessary to replace modernized pluvial rice by other crops with high 
fertilizer-efficiency unless research produces more input efficient pluvial 
rice technologies. 
In Latin America, however, in the short-run rising energy prices and 
costly infrastructure may make the expansion of pluvial rice more attractive 
relative to irrigated production. 
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2.3 The chances for success of pluvial rice research 
- 
The chances for greatly improved pluvial rice production through 
research decisively depend on the development of a rice plant with much 
better drought and disease tolerance. This would lead to both greater 
yield stability as well as potentially higher yields per hectare. This 
higher yield stability per se, represents an important possible return to - 
research. 
It has been established that pluvial rice varieties differ widely 
in their physiological characteristics that are related to drought 
tolerance. There is thus reason to assume that drought tolerance can be 
combined with acceptable yield potential. The chances for success as to 
substantial improvements in long-term stable resistance to blast are 
less. There are, however, indications that the impact of blast on crop 
yield might be less when drought stress is less and this may be related 
to the variety. 
Interactions with greatly improved cultivation techniques have also 
to be considered. Research that would improve in situ water and soil -- 
conservation would reduce the drought and blast constraint. Such research 
is considered an essential element of pluvial rice research. 
There is thus reason TV assume that pluvia- rice research would 
yield results, applicable to substantial areas within a reasonable time and 
at reasonable research costs. However the Group wishes to add a word 
of caution. 
- 
Pluvial rice production is beset with problems. Past research has 
not yielded important results at the farm level in Asia and Africa. In m 
Latin America substantial increases in hectarage can be attributed to *I 
improved varieties. Reasonable chances to overcome the more important 
constraints by research certainly exist but they are lower than with 
irrigated and phreatic rice. The assignment is much more difficult. 
2.4 Distribution of expected benefits 
. 
Throughout the history of agricultural research consumers have been 
the principal beneficiaries. With pluvial rice, however, the concern is 
with the distributional consequences of an improved technology for a specific 
class of rice producers. The consequences for Asia are potentially 
different from those in Latin America or Africa. 
In Asia, pluvial rice output constitutes a relatively small fraction 
of total production (although much in terms of total pluvial rice), so that 
additional output is not likely to affect market prices significantly. The 
pluvial rice areas are farmed by smallholders. Their incomes will improve 
as should their position relative to farmers on irrigated land. 
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- 
In contrast the importance of pluvial rice in Latin American 
production is much greater. Expanding the total output of rice in the 
region could be expected to result in relatively lower prices to consumers 
who predominantly belong to lower income classes. The majority of small 
farmers producing rice are in the upland sector but most of the additional 
production will occur in large mechanized farms. The additional employment 
effect is probably low. 
In Africa, an intermediate outcome is more likely. Some benefits 
will go to small-scale, labour-intensive producers on land with impeded 
drainage, but more mechanized medium to large-scale entrepreneurs in the 
dryer zones might become the major beneficiaries on the production side. 
In the long run substantial benefits will go to consumers. Rice is 
increasingly consumed by lower income families, who will benefit. 
2.5 Summary of relevancy 
- 
Pluvial rice research 
may affect relatively minor areas in Asia (although substantially 
more than the total of Latin America and Africa), but relatively 
major areas in Africa and Lar;in America; 
deserves particular attention in those situations where the 
opportunity costs of land suitable for this crop are low: 
areas with impeded drainage, non-utilized grassland (Llanos 
in Latin America, West African Guinea Savanna, Zaire); 
has scope to reduce a substantial yield gap; 
may become important for the production of rice in intercropping 
systems; 
could lead, in particular in Africa, to ecological damage but 
also to stable systems of fapling; 
will promote a mode of production which is relatively sensitive 
to costs of energy; 
offers reasonable chances for success, but the subject is more 
difficult than many other lines of agr&ultural research; 
will mainly benefit small-scale producers in Asia, low income 
consumers in Latin America and both sides in Africa. 
. 
3. The Research Tasks 
3.1 Past research 
- 
- 
Research efforts have shown the existing potential for increased yields 
of pluvial rice in Asia. Varieties with different duration,groups have been 
developed to suit the different agro-climatic situations, particularly to 
rainfall. Characters that help the plants to tolerate drought have been 
identified. A few varieties have been developed with a better root system; 
some have better drought sustenance capacity while others have quick 
recovery mechanism and a few have both. Recently, varieties have been 
identified and/or developed that could yield reasonably well in low 
phosphate status soil. Progress has also been made in the timing of 
nitrogen application in relation to soil fertility status and crop 
requirement. 
Weed control is a major problem. Chemicals have been identified 
that could effectively control the weeds; however, this approach is 
feasible only under certain conditions. In a majority of cases, benefit- 
cost ratio does not favour this approach. 
Despite these developments their impact on rice production has not 
been much. 
During the past decade or so, increasing amounts of resources have 
been devoted to pluvial rice research in West Africa and Madagascar. 
Improved varieties were selected from local or introduced varieties. Lately, 
breeding for disease and drought resistance as well as adaptation to 
adverse soil conditions have been undertaken at such places as IITA, 
Bouakz, Rokupr, Suakoko and Djibellor. Progress as to nitrogen application 
has also been made. 
- 
- 
Several improved varieties were bred in the IRAT programmes in 
Senegal and the Ivory Coast. Both IITA and IDESSA have embarked on intensive 
drought tolerant and horizontal blast resistance programmes. Weed control 
also is a major problem. Chemicals have been identified that could 
effectively control the weeds. Encouraging results are emerging from the 
IITA programme of small-scale mechanization. il 
The above improvements have not yet led to a significant change in 
yields and technology. Almost all pluvial rice in Africa is produced in 
shifting or bush-fallow systems. Permanent or ley systems based on rice 
have not yet become a viable proposition at the farm level. 
Limited research has been specifically directed to upland rice in 
Latin America. NAT's work has focussed exclusively on the irrigated 
sector. More recently national programmes have been giving increasing 
attention to upland research. Varieties developed in Brazil predominate 
in the extensive Brazilian upland sector. In the more favoured upland 
areas throughout Latin America varieties developed for irrigated culture 
have contributed to expanded production, but the recurring breakdown of 
resistance to blast disease has plagued their usefulness. 
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3.2 The general research task 
- 
- 
There is the global need for (i) a concentrated effort to develop 
a much improved pluvial rice plant and (ii) for zonal specific research in 
each of the major growing areas. Significant improvements in upland rice 
production seem to depend on the development of a new rice with three 
major characteristics: drought tolerance, blast resistance and early 
vigour. 
3.2.1 Drought tolerance 
The yield of pluvial rice is greatly influenced by both (i) length 
and (ii) frequency of the drought period. Drought at the early phase and 
at the pre-flowering and flowering stages often cause considerable damage. 
l To provide stability of performance, incorporation of drought tolerance 
into the otherwise suitable genotype becomes essential. There are certain 
situations when the reduction of the duration period may offer chances to 
escape (evade) droughts, but this is in most cases no reliable, and research 
along these lines is to be discouraged. Drought tolerance due to sustenance ‘ 
and quick recovery ability due to better root systems has to be built in. 
Some drought tolerant varieties have been developed but they usually lack 
other desirable characteristics. 
3.2.2 Blast resistance 
- 
- 
Blast disease is a major constraint to increased pluvial rice 
productivity, acting in several ways. Blast is commonly more severe under 
conditions of moisture stress, although the reasons for this are not well 
understood. Since blast tends to be more severe when soil nitrogen levels 
are raised, the use of nitrogen fertilizers to increase yields is risky. 
Blast control with fungicides is costly. Thus, the development of blast 
resistance is essential. 
Most resistance in the past has been associated with specific genes 
that are effective against specific races of the fungus. This type of 
resistance, often called race specific or vertical resistance, is usually 
controlled by major genes which could be incorporatedLthrough a breeding 
programme. High level resistance has been observed in certain cultivars. 
Some of these have been highly resistant at nearly all locations of the 
world, and are described as "stable resistance" (sensu IRRI). The blast 
fungus, Pyricularia oryzae, is one of the most variable pathogens known. 
It rapidly evolves new races so that vertical resistance soon breaks down. 
The repeated breakdown of vertical resistance has led to exploration of 
other possibilities including pyramiding of major genes, development of 
multiline cultivars, and efforts to develop race non-specific resistance. 
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Race non-specific resistance (also called horizontal resistance) 
avoids the build up of the pathogen to epidemic proportions. Techniques 
to quantify the levels of horizontal resistance have been developed at 
IRAT and IITA. These techniques take into account the rate of development 
of disease over time and space. 
- 
It is recognized that horizontal resistance (in general) is polygenic 
and hence the breeding procedures to incorporate such resistance will 
necessarily be far more complex. The expected longevity of resistance over- 
weighs these handicap. Some land varieti-s from Africa and Latin America 
have a fair level of horizontal resistance, 
It thus seems that various approaches should be continued, but 
donor agencies should be fully aware that the chances of quick success 
are uncertain. Pyramiding major genes and development of multilines are 
laborious, and the pitfalls of "breakdown" of vertical resistance still 
remain. Pyramiding could reduce the likelihood of breakdown as several 
genes in the fungus must mutate simultaneously in order for a race to arise 
capable of attacking the pyramided line. $fforts, however, should continue 
to incorporate horizontal resistance. 
3.2.3 Ability to compete with weeds 
This is an essential characteristic of pluvial rice varieties. 
Selection for early vigour would be an useful strategy. 
- 3.2.4 Recommendation 
It is recommended that one centre with links to basic research T . 
and powerful support services should be given the task to develop the 
needed new rice plant and the associated technology (compare 4.1). 
3.3 Zonal research 
3.3.1 General themes for zonal-specific research 
The Group feels that the zonal-specific work should be intensified 
in appropriate institutions be they international, regional or national. 
The following aspects of pluvial rice research deserve particular 
zonal-specific attention: 
(a> Tolerance to adverse soil conditions; 
(b) Tolerance/resistance to location specific insect pests 
and diseases; 
- BO - 
- 
(cl Water-, Soil and energy-conserving cultivation methods, 
(This is considered an aspect of particular importance); 
Cd) Soil and climatic classification for pluvial rice cultivation; 
(e> Pluvial rice oriented cropping systems. 
3.3.2 Specific research tasks in Africa 
In Africa specific research problems exist that require attention. 
(a> The need for crop system development 
The areas in tropical Africa where improved pluvial rice technologies 
could directly be applied are very limited. The production occurs almost 
entirely in shifting or fallow systems which usually show poor response to 
additional inputs. Smallholder farming prevails. Motorization is rare. 
Most tractor schemes have failed. Animal traction is rare because of 
trypanosomiasis. Efforts to introduce ley systems failed, because there is 
insufficient livestock to utilize leys. Even if there were to be a much 
improved pluvial rice technology suitable for permanent and ley systems, 
it would not find ready adoption, because the change in system requires time 
and substantial investments in land clearance. 
The research problem in tropical Africa is therefore much more 
complex than in Latin America or Asia. Research on pluv'ial rice should not 
be considered in isolation. Pluvial rice research could, however, play a 
crucial role in the development of profitable and stable arable crop 
production systems for the semi-humid zone (Guinea-savanna). Most of the 
characteristics of pluvial rice for such systems would be the same as for 
Latin America: 
(1) drought tolerance; 
(2) early vigour and shading for better weed control; 
(3) disease resistance; and 
(4) effective response to fertilizer (particularly in 
countries where fertilizer is heavily subsidized). 
A necessary precondition for zonal-wide adoption of pluvial rice with 
the above characteristics is the change from fallow to permanent or ley 
farming systems. This is bound to be a slow process. 
The beneficiaries of a new pluvial rice technology would mainly be 
farmers in the "Middle Belt" of West Africa who are relatively poor, and who 
lack a dominant cash crop. The distribution of benefits within the 
communities would largely depend on whether animal traction can be introduced. 
Where this is not feasible the new technology would primarily benefit larger 
mechanized farmers (as happened around Tamalz, Ghana). 
- “al - 
(b) The need of pluvial rice research for the drier 
part of semi-humid climates 
- The rainfall pattern in the humid (forest) zone, with more than 
2000 mm annual rainfall, is better suited for pluvial rice than in the 
semi-humid (savanna) zone. Other aspects, however, have to be considered: - 
(1) 
(2) 
(3) 
(4) 
(5) 
The problems of soil fertility maintenance usually increase with 
rainfall. The fertilizer requirements are probably higher and 
fertilizer efficiency may be lower (except on limited areas with 
alluvial and volcanic soils). 
The opportunity costs of land and labour increase with rainfall. 
With such perennials as coffee, cocoa or oilpalms the returns 
per hectare and per hour of work are usually higher. 
Yields are less responsive to inputs because of dense cloud cover. 
Weed control is more difficult. 
Improved pluvial rice varieties for humid climates may be an 
incentive for the expansion of shifting cultivation and forest 
destruction. 
The ideal land use pattern for such areas would be the combination 
of tree crops on pluvial and wet rice on lowland. Preference in pluvial 
rice research should be given to the development of technologies for the 
semi-humid (and derived) savannas. Most of the actual production already 
occurs in the 
cc> 
drier fringe of the pluvial rice growing zone. 
The need for research on phreatic rice in valley 
bottom development 
- 
- 
Much of the agricultural production in Asia occurs on lowland. In 
most of tropical Africa the valleys are undrained and not yet cultivated. 
There is, however, a continent-wide move of farmersinto lower-lying areas 
and phreatic rice production. Valley bottom development offers the following 
advantages: 
0) The soil fertility problems are -on the long run- far less than 
with pluvial farming. Fertilizer efficiency is usually higher. 
Valley bottom farming is less demanding in terms of support energies 
and perhaps more energy-efficient. 
(2) The opportunity costs of the land are close to nil, while upland 
could be planted to other crops. 
(3) The risks of production (drought and blast) are less. 
(4) The vegetation period of valley bottom rice may extend into seasons 
with less cloud cover, Yields are higher, 
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(5) Valley bottom farming lends itself to multiple cropping. 
(6) Valley bottom farming -once the drainage structures have been 
established- lends itself to smallholder farming. The economies 
of scale are minor. Less mechanization is required. 
- Observations indicate that rice production in valley bottoms 
corresponds more with the preferences and is socially and economically more 
advantageous. Preference in rice research in tropical Africa should be 
given to the development of phreatic rice, as an important element of valley 
bottom development. In areas with river blindness and bilharziosis etc. 
valley bottom development should be connected with health control measures. 
3.3.3 Recommendation 
It is recommended that zonal-oriented research in activities on 
pluvial rice and phraetic rice receives adequate substantially increased 
attention. 
- 
- 
4. Suggestions on the Coordination of Research 
4.1 Proposed tasks for IRRI 
IRRI is the international centre with (i) a long tradition in rice 
research, (ii) strong links with basic research, and (iii) substantial 
insights into the mechanism of drought tolerance and blast resistance. It 
is therefore suggested that IRRI intensifies the basic research needed to 
develop appropriate types of pluvial rice. 
(a) 
(b) 
cc> 
- 
Cd) 
(4 
- 
4.2 Proposed tasks for CIAT 
The recognition of the particular environmental conditions in the 
pluvial rice areas of Latin America requires the selection and 
subsequent recombination of superior genetic material emanating 
from IRRI and other national and international programmes. The 
promising lines should be submitted to the IRTP for selection by 
national programmes. 
The training of scientists for national prograrmnes and the exchange 
of information. 
Survey the economic, climatic and edaphie characteristics of pluvial 
rice areas in Latin America. 
Work on resistance to major diseases of regional importance. 
The development of crop management practices for pluvial rice would 
be with national research institutions. 
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4.3 Proposed tasks for WARDA and IITA 
4.3.1 Irrigated, fluxial and mangrove rice 
- 
- 
Research concerning fluxial and mangrove rice in West Africa should 
be with WARDA. The cooperation of WARDA with IRRI and with national 
research institutes deserves special consideration. IITA's engagement 
with irrigated rice should continue. 
4.3.2 Rice in valley bottom development 
. Valley bottom development is a new approach in much of tropical 
Africa, while it is traditional in Asia. Because of rather different price 
relations, valley bottom farming in Africa requires a new technology, in 
both: (i) development and (ii) management, It would seem that at the 
present time IITA is best equipped for this function and the related rice 
research, as: 
(4 Some initial work has already been done by IITA. 
@I Valley bottom technology development requires a multi-crop 
orientation which is provided by IITA. 
(cl Valley bottom technology requires an interdisciplinary team. 
It is recommended that increased emphasis be given to the task by 
- a multidisciplinary team at IITA and this would obviously involve rice 
research. 
- 
4.3.3 Coordination of WARDA and IITA,pluvial rice research 
West Africa is an area where the relevancy of pluvial rice research 
is particularly great. Two suitable centres exist: (i) Bouakz as a joint 
IDESSA-WARDA exercise and (ii) IITA at Ibadan. It is probably not advisable 
to distribute limited funds on both places. It is recommended that one of 
these centres continues to receive substantial support for a major effort 
in pluvial rice. It is felt that the decision can be facilitated by a 
comparison of the advantages and disadvantages of the-two centres for pluvial 
rice research. 
- 
Advantages of Bouakz (WARDA-IDESSA): 
(1) This place has a much longer tradition in pluvial rice research, 
originating from substantial IRAT efforts. A major research group 
of 15 senior pluvial rice researchers is being assembled by IDESSA. 
Qualified personnel are available. Recruitment problems are minor. 
(2) Past pluvial rice research at Bouakg seems to have been relatively 
successful even though as yet no major impact on national yield levels 
can be discerned. 
- I.4 - 
- 
(3) WARDA involvement is providing close links to national research 
programmes. 
(4) Support for WARDA at Bouakz would strengthen WARDA's role in West 
Africa. 
- (5) Costs of research (labpur, housing) are significantly cheaper at 
Bouakz than at Ibadan. Living conditions for personnel are much 
better. There will be more continuity in the employment of senior 
staff. 
Advantages of IITA: 
(1) 
(2) 
(3) 
(4) 
The Bouakg pluvial rice work depends on the cooperation of two 
organizations, IDESSA and WARDA. At IITA the organization is 
simpler. 
Pluvial rice, under most circumstances, has to be grown in rotation 
with other crops. The change from shifting to permanent arable or 
ley systems is required. IITA would offer the experience of its 
Farming Systems work. Work on rice could more easily be tailored to 
the major tasks of the needed change in land use system. 
IITA offers better lab facilities. 
It will be important to concentrate the resources in pluvial rice 
research in West Africa. Fragmented programmes would only slow the 
potential progress and perpetuate problems of inter-institutional 
collaboration. 
- 
4.4 Coordination between CIAT, IITA and WARDA 
Although overall coordination of all IARCs with IRRI remains of 
paramount importance, certain common problems were noted between Latin 
America and West Africa. 
The Group strongly feels that more direct contact between these 
institutions might be desirable, including direct exchange of promising 
breeding materials, exchange visits of scientists, and exchange visits of 
small working groups. w 
